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ABSTRACT
The synthesis of 9 I 0-dihydr_ o--9 ,10-dia zanaphthalene (1)
has been attempted in three approaches. In route I, the
reduction of the amide groups in 1 , 6-diazabicyclo [4.4.0]
deca-3,8-Bien-2,5-dione(3) was unsuccessful. Removal of the
10-conjugated double bond in. (3) with aluminium amalgam
gave I ,6-di.zabi.cy clo [4.'.0]dec-8-en-2, 5-dione(12) 'which upon.
reduction with lithium aluminium hydride gave 1,6-diaza-
bicyclo [4.4.0] dec_3-•ene (13) . Bromination of (3) furnished
8,9-dibr_omo-1,6-diazabicyclo 4.4.0] dec-3-en-2, 5-dione (4)
which underwent deb.ydrobromination to give 1,6-diazabicyclo_
[1-.4.0] deca-3,7,9-trien-2_, 5-di one(;) in lot: yield. In
route II, condensation of 1,2,3,6--tetrahydropyridazine(27)
with cis-1, 4-dici'lloro-2-butene (28) gave 1 , 6-diazabicyclo [ 1-.4.0]
deca-3,8-diene(6) in poor yield. In route III, the conversion
of the carbonyl groups in 1,2-dicar•bethoxy-1,2,3,6-tetra-
hydropyridazine(26) into hydroxyl groups was unsuccessful.
Attempted preparation of the hydroxyl function by the reaction
of (27' with formaldehyde gave 1 ,3,8,10--tetrazab icyclo
[8.4.0.O3'8]tetradeca_4I2_diene(38).
The synthesis of 3 , 4-benzo-9 ,10-dihyd.r_ o-9 ,10-diaza-
'naphthalene(2) has also been investigated. Dehydrobromination
of 3 , 4-benzo-8 , 9-dibromo-1 , 6-diazabicyclo l4.4. 0] de cane-2 , 5-
dione (40) afforded 3, 4-benzo-1 , 6-diaza.bicyyclo[4.4.0 d.eca-
7,9--dien-2, 5-dione(41). Structure of (41) was confirmed
by the hydrogenation of (41) which gave the known compouanc'-
3 ,1t+-benzo-1, 6-diazabi cyclo [4.4. O] de cane-2 , 5-di on e (4-3) as
the sole product. Attempted preparation of 3 , 4--benzo--
1 ,6-diazabicyclo [4.4-.01 deca_7,9-diene(4-2) from the reduction
of (41) was unsuccessful. Reduction of 3,4--benzo--1 ,6--
diazabicyclo[4r4.00deca-8-en-2,5-dione(39) with lithium
aluminium hydride gave 3,4-benzo-1,6-diazabicyclo[4.4.0]














The motivation for synthesizing the title compound,
9,10~dihydrc~9,1O-diazanaphthalene(I) was stimulated by
the many interesting reactions shown by cis- and trans-9,10-
dihydronaphthalene(II and III respectively) since their
1 2
first syntheses by van Tamelen in 1903. 9
Being a member of the famous (CH) hydrocarbons,
3
9,1O-dihydronaphthalene has received extensive studies.
It was found that in the (CH)0 family, II represents a
thermal sink into which nearly all the isomers tend to
3
fall, either by Woodward-Hoffmann allowed or other processes.
The aim of this work, then, is the synthesis of the
nitrogen analogue of dihydronaphthalene, i.£. I, and the
study of its reactions. In replacing the two junction
carbon atoms by nitrogen atoms, it is uncertain what role
the unshared pair of electrons of the nitrogen atom would
play. Thus, a comparative study of the behavior of
dihydronaphthalene and I is of great interest.
In this introductory section, the discussion is limited
to three noteworthy properties of 9,1O-dihydronaphthalenes:
(1) electrocyclic reaction leading to [10] annulene, (2)
photochemical conversion to bullvalene, (3) Diels-Alder
addition,•
(1) Electrocyclic ring opening reaction.
The electrocyclic ring opening reaction of II and III
was of great interest since it was believed that they were
potential precursors for cyclodecapentaene(IV), a yet
c 2 ti-
unknown [10J annulene.'' The polyene IV, though possesses
a 10-ir-electron system and was predicted to be aromatic
according to Huckel's (dn+ 2) rule, escaped isolation by
all means up to 1909-
IVa IVb IVc
Of the eight possible geometrical arrangments of the
cis and trans double bonds, only three, IVa, IVb and IVc,
are structurally possible for (10) annulene. However,
repulsion between inner 1- and 6-hydrogen atoms in IVc
would lead to severe deviation from planarity. In IVa,
the planar molecule would suffer from angle strain. Thus,
in both cases, stability derived from derealization of
5
IX-electrons would be minimized.
i
Based on Woodward-Hoffmann symmetry rule, the electro-
















Tranformation of cis and trans-9,10-dihydronaphthalene
to IV via thermal process was not realized. Compound II
was almost completely converted into naphthalene at higher
o
temperature (195 C) under nitrogen. The result is expected
since the extrusion of hydrogen from II is both a kinetic-
ally and thermodynamically favorable process. Pyrolysis
Q
of III gave only phenylbutadiene(V). The rearrangement
of III to V might occur by a facile 1,5-suprafacial sigma-
o
tropic rearrangement followed by a retrodiene reaction.
! Effort was then focused on the photochemical behavior
1 9
of II and III. Photolysis of II at room temperature gave
bullvalene(VI), accompanied by naphthalene and two products



















which were identified later as bicyclotetraene(VII) and
11
tetracyclodiene(VIII). Photolysis of III at room temp¬
erature gave a complex mixture of 12 components on gas-
liquid partition chromatography, of which the major com¬
ponent II being most unusuale
The results of these two experiments led to the
suggestion that a transient cyclodecapentaene(IV) is the
intermediate in the reaction. To suppress complication
due to further reactions of the thermally labile intermediate
IV, the photolysis of dihydronaphthalene was carried out
at low temperature. Irradiation of II at -60°C and chrom¬
atography on alumina at -80°C furnished cyclodecapentaene
12
IVa and IVb in pure, crystalline form.- Compound III,
however, gave only small amount of a mixture of IVa and IVb
on photolysis at this temperature. from the nmr spectrum
of IVa or IVb, the absettee of diamagnetic ring current is
4 5 12
obviously noted, indicating the lack of aromaticity'
Significantly, IVc was not isolated in this experiment
On the other hand, the bridged [10] annulene(IX), in which
steric clashing of the inner 1- and 6-hydrogen atoms is
avoided, showed typical behavior of other planar [dn+2]
13
annuleneso The peripheral protons were deshielded by a
diamagnetic ring current• The compound also underwent
electrophilic substitution to yield bromo and dibromo
13
derivatives. The electrocyclic ring opening in this
case is facilitated by the incorporation of a cyclopropane
across the bridgehead and the equilibrium lies far to the
side of IX.
IX
Electrocyclic ring opening reaction of I, if it does
occur at all according to the Woodward-Hoffmann rule, would
lead to isomeric 1,6-diazacyclodecapentaenes. It can be
noted that, however, unlike their carbon analogues, these
geometrical isomers are interconvertible due to the nitroger
inversion process. Which isomer exists at room temperature
would depend on their relative energy contents. Further¬
more, electrocyclic ring opening of I may be forced by
j
thermal process since aromatization is not possible in
the diaza case.
Few examples of electrocyclic ring opening involving
nitrigen-nitrogen bond have been reported. In the study
of nitrigen bridged (12) annulene, compound X has been
14-
synthesized. It was proposed that X exists in rapid
equilibrium with the ring-opened diaza-annulene(XI) through
the resonance structure XII. However, the nmr spectrum
of X was found to be temperature-independent down to -55°C,
indicating that there exists no equilibrium between X and






Cyclization of XIII in boiling benzene gave an orange
product XIV. However, structure XIV could not account
for the color of this compound. The nmr spectrum revealed
a downfield shift of the vinyl protons, in concord with
8the presence of a substantial diamagnetic ring current in
the molecule. The uv spectrum indicated the presence
of conjugated system. "'These data suggested that a mono-
cyclic structure with 10 TI-electrons such as XV, with
important contribution from canonical structure XVI, is
more suitable to represent the product.15
9In the photolysis of diester XVII, XVIII and XIX
were isolated. 16 The appearance of XIX was unexpected.
To account for its formation, it was proposed that XX,
formed from ring opening of XVII, was involved as an inter---
mediate which underwent further photorearrangement to
give XIX. However, further experiments designed to confirm
the existence of XX were unsuccessful.
10
(2) Photochemical conversion to bullvalene
Photolysis of II produced, besides 103 annulene s,
several interesting compounds of which the fluxional
bullvalene(VI) 17 seemed to be the most unusual. The
mechanism by which VI was formed is an intriguing problem.
Photolysis of II at -1100C gave VIII as major
photoproduct. At higher temperature VII was also formed,
as a result of the pyrolysis of VIII.18 Irradiation of
VII at room temperature, on the other hand, gave bullvalene
in high yield.19 Investigation of the photolysis of
VI revealed that VII and VIII were the products in photo-
stationary state*20 Thus a correlation between TI and
VI can be shown as follows:
In bullvalene molecule substituted with hetero-
atom, the position of the heteroatom in the molecule is
i
interesting® The structure of azabullvalene has been
21
investigated.. Nmr study showed that the nitrogen
atom prefers to participate on a double bonded position
adjacent to the bridgehead carbon atom (:L.£« XXI). In
such a position it can have a larger share of the bonding
electrons of the carbon-nitrogen bond. The electro¬
negativity requirement of the nitrogen atom can thus be
better satisfied.
If the reactions of I parallel those of II, diaza-
bullvalene would be obtained from photolysis of I. The
structure of diazabullvalene is expected to be XXII








With two sets of conjugated. double bonds, II undergoes
Diels-Alder reaction readily. It reacted with triazo-
linedione(XXIV) at room temperature to give a mixture of
exo(XXV) and endo(XXVI) adducts, with the former predominant
as expected. In the excess of dienophiles, bis-Ladducts
XXVII,XXVIII and XXIX were also isolated. It was found
that adduct XXVII predominated by a large margin, 22
13
For compound I, the situation is similar except that
two of the bi s--adducts, XTXX and XXXI are in fact intercon-
vertible due to the nitrogen inversion process. Thus, it
is interesting to see if the presence of bulky group can
slow down this inversion process to such an extent that
XXX and XXXI can be isolated separately.
However, all the properties and reactions predicted
for I in the above sections can only be confirmed after
the successful synthesis of I. Junge and Staab attempted
to synthesize I for a nmr study in 1967. No further
information was published- after their reported synthesis
of bicyclic hyd_razine(XXXII).23 Thus, at the commenceM-
ment of our synthesis of I, no example of this type of
compound has been obtained.
SYNTHETIC PLANS
Three approachestto the synthesis of the title com¬
pound 9,10-dihydro-9,1O-diazanaphthalene(1) are available
The diaza bridge in (1) may be supplied by an azodienophile
via a Diels-Alder reaction On the other hand, the
bicyclic system may be constructed by the condensation of
tetrahydropyridazino ring with a 1,h-dihalo four carbon
25'
framework. A Wittig approach to compound (1) is also
1







Route I models upon van Tamelen's synthesis of cis-
dihydronaphthalene. The bicyclic system is assembled by
26
a Diels-Alder reaction between butadiene and azoquinone.
Since the molecule of adduct (3) can be divided into two
moieties by the nitrogen-nitrogen bond which are independent
to each other, the incorporation of the conjugated diene
and the reduction of the amide group can be performed
separately and independently (scheme I). The preparation



















As shown in scheme II, the synthesis starts with
27
the butadiene-azodicarboxylate adduct (26), Tetrahydro-?$
pyridazine (27) is prepared by the hydrolysis of adduct
28 29
(26).' The formation of the other six-membered ring
in compound (1) may be accomplished by the condensation
25
of (27) with cis-dichlorobutene (29). The conversion of















A Wittig approach to the synthesis of (1) is shown
in scheme III. The diester (26) is reduced to diol (52)
which is then converted into dibromide (33)» The in¬
corporation of conjugated diene on the ring may be performed,
in fact, at any step irrespective of the functional group on•
the nitrogen atom. The formation of the second ring may be
achieved by a Wittig reaction between (34) and glyoxal
which has the advantage that the work required to prepare





















The 3,4-benzoderivative of compound (1), i_0e_.(2),
is of synthetic value since it is believed that the o_~quinoid
structure of (2) should provide a strong driving force
for the ring opening process. The synthetic route leading
to compound (2) is shown in scheme IV which is essentially
similar to route I of the synthesis of (1). In order to
assist the disruption of the benzene nucleus, a bromide
group is introduced into the benzylic position which is
then converted into a quartenary ammonium salt by a sub¬
stitution and an exhaustive methylation. Then, the rupture
of the benzene ring may be effected by a Hoffman elimination.
J$
As in route I, the incorporation of conjugated diene may






The reduction of the amide group in adduct (3) was
attempted first. When compound (3) was heated under reflux
with lithium aluminium hydride in tetrahydrofuran, followed
by hydrolysis; a red oil was obtained. Its ir spectrum
-1
indicated the presence of hydroxyl(3600 cm) and amide
-1
(1650 cm) groups. The oil turned black readily at room
temperature and further purification by chromatography
was unsuccessful.
In a parallel case, van Tamelen obtained a red oil
from the reduction of adduct (7) with lithium aluminium
hydride. Erom the ir data and the preparation of a 2,4—
dinitrophenylhydrazone and a benzoate derivatives, the product
3
was assigned structure (S). It was proposed that (8) was
formed by an 1,4— addition of lithium aluminium hydride to
the cl,$-unsaturated ketone system in.(7)i with prior or
3















According to the above mechanism, the formation of
compound (9) is expected from the reduction of (3). However,
a pure sample of (9) has no! been isolated because of its
labile nature and the structure of the reduction product
could not be identified so far.
Effort was then turned to the conversion of the
carbonyl function into a tertiary alcohol by Grignard
reagent. However, only starting material was obtained
when methyl iodide or methyl bromide was employed.
As the complication arose from the presence of the
o(,@-conjugated system in (3) the- removal of the double
bond should eliminate such complication. Based4 on this
reasoning, three approaches have been attempted to mask
the oU?-conjugated double bond in (3): hydrogenation,
bromination and hydroxylation.
Elimination of the double bond in question may be
accomplished-by either catalytic hydrogenation or reduction
with aluminium amalgam. Kealy obtained two products from
the catalytic hydrogenation of (3) under atmospheric pressure.
The products were identified as 1,2-succinoylhexahydro-
26
pyridazine (10) and 2-butyl-6-hydroxy-3(2H)-pyridazine (11).
Neither product was the desired one for our purpose.
Aluminium amalgam was found to be an effective reducing





selective one. On treatment of (3) with aluminium am alp: am
in ethanol, enedione (12) was obtained as colorless crystals
in 72?£ yield Nmr spectrum showed three singlets. The
singlet at d.1t(2H) was due to the absorption of vinyl protons
on the unconjugated side. The singlet at 57t(4-H) was
assigned to the methylene protons adjacent to the nitrogen
atom. Finally, the singlet at 73t(T-H) was assigned to




















4Broraination of the double bond has the advantage that
the double bond may be regenerated after reduction of the
amide group. Under ordinary conditions, alkyl bromide is
Ji
expected to be inert towards the attack of lithium aluminium
hydride.
The bromination of (J) proceeded smoothly at room
temperature. Two products were isolated depended upon
the amounts of bromine used. Addition of one equivalent
of bromine to (3) gave yellow crystals. Structural elucid¬
ation was based on the nmr spectrum which composed of a singlet
at 3.0t and. a complex multiple! centered at 5 At. The singlet
corresponded to the vinyl protons of .the -conjugated double
bond. The coincidence of the methylene and. methine protons
accounted for the presence of the complex multiplet. The
product was dibromide (A). 'The result was in accordnace
with the prediction tased on the mechanism of electrophilic
addition since a bromonium ion is destabilized by the presence
of the carbonyl group if the addition takes place otherwise.
The yield of (A) was much higher when bromine was added
dropwise instead of in portions.
When two equivalents of bromine was added, white
crystals were obtained. Nmr spectrum revealed the dis¬
appearance of all vinyl protons for the product. The product
was tetrabromide (16).
Blocking the double bond in (3) by the introduction of
hydroxyl group can be accomplished by the reaction of (3)
32
with aqueous potassium permanganate. Work-up by extraction
afforded light yellow crystals. Ir spectrum of the product
indicated the presence of hydroxy! group. Its nmr spectrum
showed the presence of hydroxy protons at 4-8t(2H), as con-
)»
firmed by a deuterium exchange experiment. The retention
of the d-conjugated double bond was also noted with the
appearance of vinyl protons at 2.1t(2H). The product was
1,2-diol (17). The yield was low, presumably due to the
incomplete extraction from aqueous phase because of the
high solubility of (17) in water. Attempt to prepare fy.
the tetrahydroxyl product (18) was unsuccessful, again, due
to the problem in solubility.
Thus, in the efforts to mask the -conjugated double
bond on (3)7 only two compounds, (12) and (16), were found
suitable for the subsequent reduction process. Reduction
of (12) with lithium aluminium hydride was carried out under
the similar condition employed in the reduction of (3).
23-
Q
A colorless oil was produced which was stable only below 0 C
and under nitrogen atmosphere. No purification of the oil
has been conducted because of its instability in air. Ir
and nmr spectra were taken immediately after work-up. Its
ir spectrum indicated the reduction of the carbonyl group.
Nmr spectrum showed three signals. The singlet at 1.1T(2H)
corresponded to the vynyl protons. The broad peaks centered
at 6.8t(8H) and 8.21(1H) were due to the methylene protons,
the downfield one being those to the nitrogen atom and the
upfield one those (5 to the nitrogen atom. Gas-chromatographic
analysis indicated the oil was 90 pure. The product was
bicyclic hydrazine (13)® A methyl iodide derivative was
prepared by standard method as white crystal, mp 179~80°C„
Reduction of tetrabromide (16) with lithium aluminium
hydride was unsucessful. Reaction between the bromine atom
and lithium aluminium hydride may have taken place. The
course of this reaction will be discussed in the latter
section. Diborane was then used as a reducing agent for
33
tetrabromide (16). In boiling tetrahydrofuran, the
reduction gave yellow liquid whose structure could not be
identified. Thus, a satisfactory method for the reduction
of amide group leading to compound (1) according to scheme
I has not been found.
Effort was then turned to the incorporation of
conjugated double bond on the non-ketonic ring of structure
(3) to the synthesis of (5)® Elimination of hydrogen
bromide from dibromide (4) has been performed with several
potential dehydrobrominating reagents, including potassium
34
hydroxide in ethanol, lithium chloride in dimethylformamide,
35
potassium tert-butoxide in dimethyl sulfoxide and 1,5~di~
r- i% 57
azabicyclo L4.•Ojnon-5-ene in tetrahydrofuran.' 0
However, in each case was obtained only small amount of
intractable black oil.
Two reasons were attributed to the failure of the
experiments. Firstly, the product formed may polymerize
as it is both a diene and dienophile. Secondly, the high
solubility of the product in 'water may prevent it from
isolation.
To check these postulations, compound (14) was prepared
by bromination of (12). Diene (15) should be incapable of
polymerization since no reactive dienophile moiety was present
in the molecule. However, elimination again gave a negative
result. While polymerization was not a problem, the high
solubility of (5) in water did give rise to difficulty in
isolation. To examine the solubility effect, a control













Dibromide (20) was prepared by the bromination of
chloroform,and identified by its nmr spectrum,
Dehydrobromination of (20) was carried out in tetrahydrofuran
with potassium tert-butoxide at room temperature. Yellow
crystals were isolated. The nmr spectrum showed three
signals. The singlet at 2.51 was assigned the phenylic
protons. The two multiplets at 3-IX and 4.8t showed a
typical pattern which were due to absorptions of the
two kinds of vinyl protons. The product was assigned
structure (21). Since (21) is hardly soluble in water,
the control reaction showed that the solubility in water was
indeed the handicap in the isolation of (5)« The reason
for the failure to obtain (15) was still uncertain. Perhaps
the high solubility of (15) in water also played an important
role.
Triene (5) was finally prepared successfully by the
elimination of (4) with potassium tert~butoxide in tetra¬
hydrof uran at room temperature. Orange crystals were
isolated after chromatography on alumina. Its nmr spectrum
showed three groups of vinyl protons. The singlet at 3.1X
was due to the absorption of protons adjacent to the carbony]
groups. An AXQ multiplet at 2.5X and 4.3t was assigned to
the vinyl protons of the conjugated diene. Structure of
(5) was thus established. The yield was, however, low(14$).
Addition of excessive base led to an even lower yield.
However, the bright orange color of the compound could
not be explained by structure (5)- Two possibilities exist.
Firstly, an electrocyclic ring opening has taken place,
leading to an extensively conjugated system (22). Secondly,
h-0
a planar structure of (5) is present, with significant
contribution from cannonical structure (5a). Steric effect
seems to rule out the former since (22) is most probably.
nonplanar.
A second route to triene (5) proceeded via the bromin-
ation of (3) with N-bromosuccinimide. This led to the
isolation of yellow solid which showed at least six spots«
on tic. No further purification has been carried out.
Chlorination of (3) with tert-butylhypochlorite also failed.
In an alternative way, triene (5) may also be prepared
either by (i) decarbonylation of compound (25) which is in
d2
turn prepared by the hydrolysis of adduct (2d), or
27
(ii) spontaneous decarboxylation of the pyrone-azoquinone
adduct(Scheme V). Of these two methods, only the route yi_a
LTA
ketal (23) has been attempted. Unfortunately, the prepar¬
ation of (23) failed in the stage of dehydrobromination of
dibromocyclopentanone ketal. Only unidentified oil was



























The key step in route II involves the condensation of
(27) with dichloride (8) to form the bicyclic system. In
his study of a series of hydrazine derivatives, S.F. Nelson
carried out this reaction by stirring the two reactants inV J
ethanol in the presence of potassium carbonate at room
temperature. The product was purified by distillation and
gas chromatography and established to have structure (6).
In his original experiment, the yield was very low since
the crude hydrolysate of (26) which contained large amount
of half-hydrolysed product (29) was used directly without
d5
purification. In our hand, exactly the same procedure
was followed except with pure (27) but only polymer was
To minimize the possibility of polymerization, the
experiment was carried out in highly diluted condition.
The two reactants were added dropwise to a large volume of
ethanol containing potassium carbonate. Again, only blacl
tar1 WP Q nh+:m' TIPH
As solvolysis of (28) by ethanol might complicate th
condensation, the experiment was therefore carried out in
benzene. A more vigorous condition (70°G) and a longer
reaction time (2 or 3 days) were employed. In the first
attempt, tetrahydropyridazine (27) itself served as base.2
However, no pure product could be isolated from the crude
«—1
« m
The condensation was finally carried out successfully
by heating the two reactants in benzene in the presence of
potassium carbonate. ,£he unreacted dichloride (28) was
separated from the basic components by the extraction with
acid. Yellow oil was obtained after the solution was made
strongly basic. The oil was chromatographed on silica gel
to give practically colorless liquid (6) which solidified
at 0°C. The yield was 5°°- The nrnr spectrum of the liquid
showed a singlet at 4-. 31 attributed to the four vinyl protons.
The broad peak at 58-7-5t was assigned to the eight methylene
23
protons. The product was bicyclic hydrazine (6).~ Since
the yield of (6) was too small, further reactions in route
II has not been attenroted. •A
An alternative way to route II proceeded by bromination
of (27) followed by condensation with dichloride (28). The
product thus obtained, i._e., (50), is expected to be a solid
















cold chloroform solution of (17) gave white solid. The
nmr spectrum consisted of uhree peaks. The singlet at
T.lt was assigned the yinyl protons while that at 55t ie
methylene protons. The broad singlet located between 2.11
and 3.0T, was assigned the amino protons, as confirmed by a
deuterium exchange experiment. The spectrum was identical
with that of the salt between hydrobromic acid and (27).
The white solid was thus tetrahydropyridazinium dibromide (31).
Route III
The carbamic ester function in (26) was not reduced by
catalytic hydrogenation, as indicated by the hydrogenation
of dibromide (35) which gave compound (36) as the sole
28
product. On the other hand, reduction of (26) with lithium
aluminium hydride has been reported to give N,N1-dimethyl-
zj. 6
tetrahydropyridazine (37)« Hence reduction of (26) was
carried out with the more selective borohydrides in different
solvents. In all cases, only starting material was recovered.

















Diester (26) was also recovered unchanged upon the reduction
with sodium-ethanol or sodium metal in tetrahydrofuran.
Effort was turned to the indirect method to prepare
diol (32). Reaction between tetrahydropyridazine (27) and
formaldehyde was carried out in aqueous solution White
solid-was isolated which gradually turned yellow on standing.
Ir spectrum of the product indicated the absence of hydroxyl
and carbonyl groups, Nmr spectrum showed poorly defined
absorptions, probably due to the rapid inversion of nitrogen
atom at room temperature. A broad rnultiplet located between
5.5X and 7-21, and a singlet at h.2t with proton ratio 3:
were observed. The singlet was attributed to the vinyl
protons and the broad peak to the methylene protons. Erom
the result of the elemental analysis, structure (38) was
assigned to the product. Since the diol (32) has not been













The synthesis of 3, 4—benzo~9 ,10~dihydro-9 ,10-diaza~
naphthalene(2) has been attempted according to scheme IV.
The elimination of hydrogen bromide from dibromide (4-0)
was accomplished by heating potassium tert-butoxide in a
slurry of (4-0) in terahyd.ro fur an. The crude product vas
chromatographed on alumia to give yellow crystals. Nmr
spectrum of the elimination product showed three multiplets
at 1.5t(2H), 2.11 (4-H) and 4-.2t(2H). The assignments of
protons were as folows. The.aromatic protons in (4-0)
displayed an ApBp multiple! at 1.5% and 2.1The chemical
shift of these signals should not change appreciably after
i
conversion to (4-1). Hence, the protons at 1. 5% and two of
the protons at 2.1% were assigned to the aromatic protons
in (4-1). The rest of the signals were due to the vinyl
protons. Owing to the close proximity to the amide group,
two of the vinyl protons were shifted downfield. Hence,
an ApXp multiplet was formed with downfield signal overlapping
with the aromatic signal. The nmr spectrum was consistent
with the structure of diene (4-1).
Structure (4-1), however, again did not reflect the
yellow color of this compound. Here, opportunity existe
for settling the electrocyclic ring opening problem since
(4-1) vas more readily available.
The elimination product was hydrogenated at room
temperature under atmospheric pressure to give light yellow
solid. The product vas assigned structure (4-3) by the
comparison with the authentic sample prepared by the method
48
of Clement. The result supported the correctness of
structure (41), indicating no electrocyclic ring opening
had occurred under this condition. Furthermore, no change
was observed in the nmr spectrum of (41) between the
temperature range of ~45°C and 60°C„
The elimination product did not, however, display the
property of conjugated diene. It did not undergo Diels-
Alder reaction with typical dienophiles such as tetracyano-
49
ethylene, diethyl azodicarboxylate and maleic anhydride.
A similar compound—-the diester (44),on the other hand, did
react with azodicarboxylate to give a [4+2J adduct, admittedly
TO
only after prolong heating for 6 days... The low reactivity
of (44) was probably the result of a combination of electronic
and steric effects. Compound (41) as well as (5) should
be more reactive than monocyclic diester (44) and yet the
addition failed. This seemed to indicate some degree of
delocalization of the diene -electrons, represented by
cannonical structure (41a), and so the absorption in the
visible region.
Attempted conversion of (41) to (42) in scheme IV by
reduction with lithium aluminium hydride gave black oil.
A pure product has not been isolated. This unsuccessful
reaction faced a slight modification of the synthetic route.
Reduction of the amide group was performed prior to the































of (39) with lithium aluminium hydride gave yellow oil.
Air oxidation of the oil again prevented further purification.
Ir spectrum, of the crude oil indicated the reduction of the
amide group. Nmr spectrum showed a singlet at 1.91m which
vas assigned the aromatic protons arising from the collapse
of the 22 aromac signal in (39) since now the two groups
of aromatic protons have more or less the similar chemical
shifts. The singlet at 4-. 2X vas assigned to the vinyl
protons. The two broad multipl.ets at T.2X and 6. OX were
due to the methylene protons, the downfield one being those
at the benzylic positions and the upfield one those adjacent
to the double bond. The rapid inversion of the nitrogen
atoms in the molecule at room temperature caused the methylene
signals merge into a broad absorption peak. It was expected
that the .inversion processes were frozen at low temperature.
At -42°C the two broad multiplets of the methylene groups
were resolved into several multiplets. Structure of (46)
was thus established.
Bromination of (46) at 0°G yielded yellow solid
Recrystallization from acetone led to extensive decomposition
Nmr spectrum of the solid was complicated from which only
the disappearance of vinyl protons from (46) can be recognized.
The structure of the solid has not been identified. There¬
fore, further reactions in the sequence remained to be
carried out.
In another way to prepare compound (47), the reduction
of dibromide (40) with lithium aluminium hydride was conducted.
An oil was obtained whose spectral data were identical with
those of (46). The formation of the double bond in (46)
from (40) probably arose from an elimination with the
hydride ion acting as base.
In an attempt to mask the double bond in (39) by
hydroxylation with potassium permanganate, white crystals
were obtained. The product was identified by its nmr and
ir spectra as 1,2-diol (48). The yield was low, presumably
due to the low solubility of (39) in the reaction medium.
The reduction of (4-8) has not been carried out.
Attempt to. synthesize (2) has not yet been successful.
Further efforts, especially towards the reduction of the
amide group in (4-1) have to be made.
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EXPERIMENTAL
Melting points we,pe recorded on a Kofler hot-stage
microscope and are reported uncorrected. Infrared spectra
were taken with a Beckman IR-10 spectrophotometer and only
significant maxima are reported. Ultraviolet spectra were
taken with a Beckman DK-2A spectrophotometer. Nmr spectra
were measured with a JEOL 60-ML spectrometer with tetra-
methylsilane as an internal reference. Deuteriochloroform
was used as solvent unless otherwise specified. Micro¬









prepared by the method of Cookson and Stevens.
diethyl azodicarboxylate.
prepared by the method of J.C. Kauer.
1 ,2- di c ar b e t h o xy- 1 ,2,3, 6~ t e t r a hydr o pyr i da z i ne (26)








prepared by the method of J.M. Bobbitt and
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R.I. Steiner.
3.4—benzo-8,9-~dibromo-1 ,6-diazabicyclo [4-. A. OJ decane-
2.5-dione (AO)
ln
prepared by the method of R.A. Clement
Preparation of 1 ,6-diazabicyclo [zbl6o] dec-8-en-2, 5-dione (12)
in
(Modified method of R.A. Clement')
To a solution of 1.5 g(0,0095 mole) of (5) in a mixture
of 25 ml of ethanol and 10 ml of water vas added 5 g of freshly
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prepared aluminium amalgam The mixture was allowed to
stand at room temperature for 5 hr with occasional swirling.
The mixture was filtered and the residue washed with 15 ml
of ethanol. The combined filtrate vas evaporated to dryness.
The white solid was recrystallized from chloroform-pete ether
to give 0.9 g of colorless crystal. Extraction of the
residue with chloroform gave another 0.2 g of (12). 1.1 g,
72; mp 189-91°C; nmr (t) 4.1(2H, s, vinyl), 5-7(9-11, s, NCH),
7.3(4H, s, COCH); ir (KBr, cm) 1670(amide).
CoH.NoOo requires
Found
G 57.82, H 6.06, N 16.85
C 57.27, H 5.90, N 16.20
Preparation of 8 ,-9~dibromo»1 ,6- diazabicyclo [4.4.o]dec-3-
en-2,5-dione (d)
A solution of 10 g(0.061 mole) of bromine in 50 ml
of carbon tetrachloride was added dropwise to a suspension
of 10 g(0.061 mole) of (3) in 200 ml of carbon tetra¬
chloride during a period of 1 hr. The resultant mixture
was allowed to stir at room temperature for another 2d hr.
The yellow solid formed was collected by filtration.
Recrystallization from dichloromethane-pet. ether gave yellow
crystal. 1d g, 70$; mp 15d-6°C; nmr 3»0(2H, s, vinyl),




C 29.65, H 2.48, N 8.64
C 29.81, H 2.42, N 8.39
Preparation of 5,4,8,9-tetrabromo-1,6-diazabicyclo[4,4.p]
decane-2,5-dione (16)
A mixture of d g(0.02d mole) of (3) and 8 g(0.0d8 mole)
of bromine in 150 ml of carbon tetrachloride was stirred at
room temperature for d8 hr. The yellow solid formed
was collected and washed with methanol until colorless,,
Recrystallization from methanol afforded colorless crystal,
5 g, 40$; mp 180-1°C; nmr (DMSO-dg,) 5.2(4H, s, NCH),
5.5-6.3(2H+2H, two doublets J =15Hz, COCH and BrCH);
ax
-1
ir (KBr, cm) 1660(amide).
CgHgNOBr requires G 19.86, H 1,66, N 5.79
Found C 19.74, H 1.67, N 5-57
Oxidat ion of 1 ,6-diazab icyc lo [d«. o] dec a-5 ,8-dien-2, 5-
dione (5) with potassium permanganate
To a solution of 0,7 g(0.0012 mole) of (5) in 25 ml
of water at 5°C was added dropwise a solution of 1.8 g(0.011 mole)
of potassium permanganate in 100 ml of water. The reaction
mixture was stirred overnight at room temperature and filtered,
The filtrate was concentrated to a volume of 10 ml. Dichloro-
methane was used for extraction to remove the excessive (5).
Ethyl acetate(2 x 30 ml) was added for extraction. The
solid after evaparation of solvent was recrystallized from
ethyl acetate to give light yellow crystal. 0.15 g, 18%;
mp 195~6°C; nmr (DMS0~dg,X) 2.1(2H, s, vinyl), 4.8(2H, broad
s, hydroxy), 6.1(4H+2H, s, overlap of NCH and H0CH); ir
-1
(KBr, cm) 3400(hydroxyl), 1650(amide); uv (ethanol, nm)
210, 334.
CgfLjQNgO requires C 48.58, II 5.09, N 14.13
Found C 48.26, H 5.08, N 14.01
The product was 8,9 dihydroxy 1,6-diazabicyclo[4.4.0J
dec 3-en 2,5-dione (17)
Reduction of 1,6-diazabicyclo[4.4.0] dec-8-en-2,5-dione (12)
with lithium aluminium hydride
To a suspension of 0.7 g(0.019 mole) of lithium
aluminium hydride in 30 ml of dry tetrahydrofuran was added
0.8 g of (12) in one portion. The mixture was heated
under reflux for 24 hr under a nitrogen atmosphere. Water
was added to the ice-cooled mixture to decompose the excess¬
ive hydride. The solution was filtered and the residue
washed with tetrahydrofuran. The volume of the solution
was reduced to 5 ml £md 10 ml of water was added. The
solution was extracted with 3 x 40 ml of dichloromethane.
The combined extract was dried over anhydrous sodium sulfate.
Evaporation of solvent gave light yellow, viscous oil which
turned black on standing. Ir and nrnr spectra were taken
immediately after work-up. 0.3 g, 45; a methyl iodide
derivative was prepared, mp 179~80°C (chloroform-pet.
ether); nmr 4.1(2H, s, vinyl), 6.2-7.5(8H, broad peak,
ITCH), 8.2(4H, s, N0HoCH); ir (film) absence of carbonyl.
The product was 1,6-diazabicyclo[4.4.0] dec-3-ene (13)
Preparation of 8,9-dibromo-1,6-diazabicyclo[4.4. o] decane-
2,5-dione (14)
A mixture of. 0..8 g(0.005 mole) of (12) and 0.8 g
(0.005 mole) of bromine was stirred in 100 ml of carbon
tetrachloride at room temperature for 24 hr. Evaporation
of solvent afforded white solid which was recrystallized
from chloroform-pet. ether to give colorless crystal.
0.8 g, 50m; mp 1?3~4°C; nmr(%) 5.4-6 0(4Ii+2H, m, overlap of




C 29.dO, H 3.09, N 8.59
G 29.21, H 2.86, N 8.82
Preparation of 5?4-dibromo~8~phenyl~1 ,6,8-triazabicyclo
td.3•0]nonane-7,9-dione (20)
A mixture of 3.8 g(0.017 mole) of (19) and 27 g
(0.017 mole) of bromine in 50 ml of chloroform was stirred
overnight at room temperature. The white solid formed was
collected and recrystallized from chloroform. It weighed
4.2 g. The mother liquor was cooled in ice-bath to give
a second crop of 1 g. 5.2 g, 80$; mp 255-6°C; nmr (DMSO-dg,
X) 2.6 (5H, s, aromatic), 5«1(2H, s, BrCH), 6.0(411, s, NCH);
-1




C. 37.05, H 2.85, N 10.80
C 37.04, H 2.99, N 10.66
Preparation of 6-phenyl-1,6,8-triazabicyclo[4.3. nona-
2,4-dien-7,9-dione (21)
To a suspension of 4 g(0e01 mole) of (20) in 30 ml
of dry tetrahydrofuran was added dropwise a solution of
3 g(0.027 mole) of potassium tert-butoxide in 80 ml of
tetrahydrofuran at room temperature. The mixture was
continued to stir at room temperature for 16 hr. Solvent
was removed to give brown solid and 20 ml of water was added.
The resultant yellow solid was collected and dissolved
in d'ichloromethane. The solution was washed with water
and dried Solvent was evaporated to give yellow solid
which was recrystallized from dichloromethane-pet. ether to
give yellow needle-like crystal. 1.1 g, 50; mp 210-1°C;
nmr (t) 2.7(5H, s, aromatic), 3(211, m,. vinyl NCH), 4.7
(2H, m, vinyl NCHCH); ir (KBr, cm) 1770, 1700(carbonyl),
1600(aromatic); uv (ethanol, nm) 226, 255? 390.
CoHQN70Q requires C 6343, H 399, N 18.49
Found C 63.19, H 4.06, N 18.36
Preparation of 1 ,6-diazabicyclo [4.4.0] deca-3 ,7,9-trien-
A 4.2 g(0.013 mole) sample of (4) was dissolved in
200 ml of dry tetrahydrofuran. A solution of 3 g(0.028 mole
of potassium tert-butoxide in 250 ml of tetrahydrofuran was
added dropwise to the above solution at room temperature.
The mixture was stirred at room temperature for 4 hr. It
was filtered and concentrated to 10 ml. Water (5 ml) was
added and the solution extracted with 3 x 50 ml of dichloro-
methane. The combined extract was washed with water and
dried. Removal of solvent gave brown oil which was
chromatograohed on alumina and eluted with dichloromethane-
ether (1:1). Orange solid was obtained vhich. was recrystal-
lized from dichlarometbne-pet. ether to give orange needle¬
like crystal. 0.3 g, 14$; mp 151—6°C; nmr (X) 2e2(2H, m,
vinyl NCR), 2.9(211, s, vinyl COCH), 1-.1(2H, m, vinyl NCHCH);
ir (KBr, cm) 1620(amide): uv (ethanol, nm) 215?1-1-0.
CnHcNpOp requires C 59.26, H 3.75? N 17.28
Found G 59.1-9? H 4.02, N 17.1-5
Preparation of 1 ,6-diazabicyclo [4.4«_0] deca-5,8-cLiene (6)
1-5
(Modified method of S.F. Nelson)
A mixture of 2.5 g(0.03 mole) of (27) and 38 g(0«05
mole) of (28) was added to a suspension of 10 g of potassium
carbonate in 150 ml of dry benzene.. The mixture was
heated at 70°C under a nitrogen atmosphere for 72 hr.
The mixture was filtered and solvent evaporated until about
30 ml of solution was left. Hydrochloric acid (20$, 20 ml)
was added for extraction. The aqueous layer was then
rendered strongly basic by the addition of 10$ sodium
hydroxide. It was extracted with 3 x 50 ml of dichloro¬
methane. Solvent was removed to give light yellow liquid
which was chromatographed on silica gel and eluted with
ether-acetone (10:1). A colorless oil was obtained which
solidified on cooling. 0.2 g, 5$; nmr (X) 4.3(4H, s, vinyl),
5.8-7.5(8H, broad peak, NCH); ir (CHCl, cm1) 161-0 (C-C
double bond).
Bromination of 1.2.5,6-tetrahydropyridazine (27)
A solution of 0.4 g(0.005 mole) of (27) in 20 ml of
chloroform was cooled to 5°0 to which a solution of 075 g
(0.005 mole) of bromine in 40 ml of the same solvent was
added very slowly. The red color of bromine discharged
rapidly. Solvent was removed under reduced pressure until
solid came out. The white hygroscopic solid turned yellow
gradually on exposure to air. 0.4 g, 36$; mp 109-11 G;
nmr (DMS0-dg,£) 1.9(4H, s, amino), 4.1(2H, s, vinyl),
6.5(4H, s, NGH).
The product was 1,2,3,6-tetrahydropyridazinium
dibromide (31)-
Reaction of 1,2,3,6-tetrahydropyridazine (27) with
formaldehyde
A solution of 0.85 g(0.01 mole) of (27) in 5 ml of
water was prepared and added dropwise to a mixture of 1.5 g
(0.02 mole) of 37-41$ formalin and 8 ml of water. The
mixture was heated at 80°C for 1 hr. Volume was reduced
to 5 ml and the solution extracted with 3 x 20 ml of
dichloromethane. Evaporation of solvent gave white solid.
Recrystallizstion from dichloromethane-pet. ether gave white
crystals. 0.5 g, 26$; mp 147-8°G; nmr (t) 4„2(4H, s, vinyl),
6.4(8H, broad peak, NCH), 7.0(4H, broad s, NCHN); ir (KBr,
cm) 1650 (C-C double bond).
requires G 62.47, H 8.39, N 29.14
Found C 62.31, H 8.36, N 29.09
The product was 1,3,8,10-tetraazatricyclo[8.1.0.0
tetradeca-l,12-diene (38).
Preparation of 3 ,1-benzo-l, 6-diaza.bicyclo [6Ql dec a-
7,9-dien-2,5-dione (11)
To a slurry of 1.6 g(0«0013 mole) of (10) in 10 ml
of tetrahydrofuran was added dropwise a solution of 1.3 g
(0.011 mole) of potassium tert-butoxide in 10•ml of dry
tetrahydrofuran at room temperature. The mixture was
heated under reflux for 21 hr. Work-up as usual gave
brown solid., Chromatography on alumina (dichloromethane-
pet. ether 3:1) furnished, yellow solid and recrystallization
was carried out in dichloromethane-pet. ether. 0.1 g,
15%; mp 209~10°C; nmr (t) 1.5(2H, m, aromatic, adjacent to
carbonyl), 2.1(2H+2H, m, overlap of aromatic and vinyl NCR),
4.2(2H, m, vinyl NCHCH); ir (KBr, cm-1) 1660(amide), 1600
(aromatic); uv (ethanol, nm) 220,100.
C12H8N2°2 reluires 0 67.92, H 3-80, N 13.20
Found C 67.05, H 1.19, N 13-02
Hydrogenation of 3,1-benzo-l,6-diazabicyclo [l.l.o] deca-
7,9-dien-2,5-dione (11)
A mixture of 0.2 g(0.00058 mole) of (11), 0.1 g of
PdC, and 50 ml of tetrahydrofuran was set for hydrogenation
at room temperature and atmospheric pressure. After absorption
of hydrogen had ceased, the mixture was filtered by gravity.
Removal of solvent gave brown oil to which 20 ml of water
was added and the solution heated to boiling. It was
filtered while hot and ,left for crystallization. Light
yellow crystal separated after several days. 0.08 g, 4-0$;
mp 155-7°C; nmr (1) 1.8(2H, m, aromatic, adjacent to carbonyl),
2.1(2H. m. aromatic). 5.9(4-H. m. NCH), 8.0(4-H, NGHUCH).
The product vas 3 ,4—benzo-1,6-diazabicyclo [4.4.0]
decane-2,5-dione (4-3).
Reduction of 3 ,4~benzo~l ,6-diazabicyclo [4-.4-.0] deca-8-en-
2,5-dione (39) with lithium aluminium hydride
A mixture of 0.4- g(0.001 mole) o'f lithium aluminium
hydride,0.7 g(0.0032 mole) of (39) and 80 ml of dry tetra-
hydrofuran vas heated under reflux for 24- hr under a nitrogen
atmosphere. Work-up as usual afforded colorless oil which
gradually became yellow on standing. 0.4- g, 65$; nmr (1)
1• 9(4-H, s, aromatic), 4-.2(2H, s, vinyl), 5.8-6.3(4-H, broad
peak, benzylic), 6.4—7.0(4-H, broad peak NGH); ir(film, cn)
1600(aromatic), absence of amide group.
The product was 3 ,4—benzo-1,6-diazabicyclo [4-.4-. o] dec-
8-ene (4-6).
Reduction of 3 ,4-benzo~S ,9-dibromo-l ,6-diazabicyclo [d.4-.o'
decane-2,5-dione (10) with lithium aluminium hydride
A mixture of 1 g(0.0026 mole) of (4-0), 0.5 g(0.014
mole) of lithium aluminium hydride, and 50 ml of dry
tetrahydrofuran was heated under reflux for 16 hr under a
nitrogen atmosphere. Work-up as usual gave colorless oil.
Nmr and ir data indicated the product was 34-benzo~l,6-
diazabicyclof4.4-.0l dec-8-ene (46).
Preparation of 34-benzo~8,9-dihydroxy~l,6~diazabicyclo
f4.4.ol decane-2. 5--dione (48)
A solution of 0.8 g(0.00374 mole) of (39) and 0.7 S
(0.0045 mole) of potassium permanganate in 70 ml of water
was stirred overnight at room temperature and left for
two days. Manganese dioxide was filtered and the solution
concentrated to 10 ml. Extraction with ethyl- acetate
furnished, after evaporation of solvent, white solid.
Recrystallization from methanol afforded white crystal.
0.2 g, 2.0% mp 173-4°C; nmr (DMS0~dr,X) 2.0(411, m, aromatic).
4.8(2H, s, hydroxy), 6.0(4H+2H, s, overlap of NCH and HOCH);
ir (KBr, cm) 3300(hydroxyl), 1650(amide), 1600(aromatic).
C .H pNpO. requires G 58.06, H 4.87, N 11.28
Pound C 58.49, H 5-10, N 11.49
Attempted reduction of 1,6-diazabicyclof4.4.0] deca-3_,8-
dien-2,5--dione (3) with lithium aluminium hydride
A mixture of 1 g(0.006 mole) of (3) and 0.6 g(0.016
mole) of lithium aluminium hydride in 50 ml of dry tetra-
hydrofuran was heated under reflux for 3 hr under a nitroger
atmosphere. Work-rup as usual gave red oil.
Attempted reduction of 3A,8,9-tetrabromo-l,6-diazabicyclo
t Ac4-. 0] decane~2, 5~dione (16) vith lithium aluminium hydride
A mixture of 1 g(0.0021 mole) of (16) and 0.3 g(0.008
mole) of lithium aluminium hydride in 70 ml of dry tetra-
hydrofuran was heated under reflux for 20 hr under a
nitrogen atmosphere. Work-up as usual gave dark oil.
Attempted reduction of 3?A,8,9-tetrabromo-l,6-diazabicyclo
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[A.A.0] decane-2,5~dione (16) with diborane
Diborane was produced by dropwise addition of 0.95 g
(0.028 mole) of sodium borohydride in 20 ml of dry diglyme
to a solution of 56 g(0.0A mole) of boron trifluoride
etherate in 10 ml of diglyme. The diborane generated
was passed into a sblution of 3«0 g(0006 mole) of (16)
in 50 ml of tetrahydrofuran by means of a current of dry
nitrogen. The gas outlet was connected to a gas-washing
bottle containing 200 ml of acetone to remove the excess
diborane. The mixture was stirred at room temperature
for 1 hr and heated at 60°C for 2 hr. Dry hydrogen
chloride was allowed to bubble into the ice-cooled mixture
for 1 min. Methanol (50 ml) was added. Solvent was
evaporated to give yellow oil.
Attempted brominatlon of 1,6-diazabicyclo[A.A. 0] d.eca-3 ,8-
dien-2, 5-dione (3) vith N-bromosuccinimide
To 150 ml of dry carbon tetrachloride were added
2 g(0.012 mole) of (3) 2 g(0.011 mole) of N-bromo-
succinimide and trace amount of benzoyl peroxide. The
mixture was heated und'er reflux for 2 hr. The solution
was cooled to TO°C and filtered. The filtrate was taken
to dryness to obtain yellow solid which showed six spots
on tic including (3) succinimide and some new spots.
No further purification has been attempted.
Attempted reduction of 1,2-dicarbethoxy-1,2,3,6-tetra~
hydropyridazine (26) with sodium borohydride
To a solution of 3®2 g(Ch09 mole) of sodium borohydride
in TO ml of methanol was added a solution of 35 g(0.016
mole) of (26) in 20 ml of methanol with vigorous stirring.
The mixture was heated under reflux for 1 hr. Methanol
was removed and 60 ml of water was added to the residue.
It was extractbd with 3 x 30 ml of ether. The organic
extract was dried and evaporated to give colorless liquid.
The product was identified as (26) through its nrnr spectrum.
Attempted Diels-Alder addition of 3,T-benzo-l,6-diaza-
bicvclof ToT. 0] deca~7 ,9-dien--2, 5-dlone (4-1) with tet pa cyan o-
ethylene (TONE)
A mixture of 0.1 g(0'0005 mole) of (Tl) and 0.06 g
(0.000T6 mole) of TONE in 75 ml of tetrahydrofuran was
heated under reflux for 2 hr. A red solution was resulted.
Solvent was evaporated to give brown solid. Washing with
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ether gave yellow solid which was identified as the starting
material (14-1) through the nmr spectrum.
Attempted brommnation of 3 4-benzo-1.6-diazabicyclo{4.4.0}
de c-8-ene( 460
A 10%--solution of bromine in. chloroform was added
dropwise to a solution of 0.5 g(0.0027 mole) of (46) in
30 ml of chloroform at 50C until the red color remained
for a long time. The mixture was stirred overnight at
room temperature. The yellow solid formed. was collected
by filtration. 0.2 g, mp 126--3100. Recrystallization
from acetone gave black oil,
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